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Specification 



1. Title of the invention 

Method of controlling a switching power supply 

2 . Claims 

(1) A method of controlling a switching power supply, which 
comprises an inductor and a switching element for interrupting 
a current of the inductor: 

wherein a current of an energy emission circuit of the 
inductor is detected, and 

wherein the switching element is turned on when the 
current of the emission circuit is reduced to a first set value, 
and the switching element is turned off when the current of 
the emission circuit reaches a second set value. 

(2) The method of controlling a switching power supply as 
claimed in Claim 1, wherein the first set value is varied as 



an output voltage of the switching power supply increases. 

(3) The method of controlling a switching power supply as 
claimed in Claim 1 or Claim 2, wherein the second set value 
is varied as an output voltage of the switching power supply 
increases . 

(4) The method of controlling a switching power supply as 
claimed in Claim 1, Claim 2 or Claim 3. wherein the switching 
element is turned on based on a combined signal of a detection 
signal obtained by detecting the current of the energy emission 
circuit and a sync signal. 

3. Detailed description of the invention 

The present invention relates to a method of controlling 
a switching power supply, which uses an inverter or a converter. 

The switching power supplies, which have been heretofore 
in use, includes various types, such as one - transis tor fly-back 
type, one-transistor forward converter type, chopper type, 
push-pull type, bridge type. etc. in this connection, when 
these types of switching power supplies are used as a heavy-load 
power supply for e.g. a large-output strobe xenon lamp, or when 
output terminals are short-circuited accidentally, the 
current of the switching element would increase due to the DC 
magnetic deflection of output transformer or the response delay 
of the switching element, and, in time, it would cause breakdown 
of the switching element owing to over - current . Accordingly, 
some countermeasure should be worked out. in order to avoid 
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this inconvenience, an over-current protection circuit, a 
high-speed switching element and a sufficiently -high -capacity 
output transformer have been employed. It, however, has a 
drawback that the power supply becomes expensive and 
large - sized . 

Accordingly, the present invention has been intended to 
provide a switching power supply, in which the above 
inconvenience is removed and its reliability can be improved 
by preventing with certainty the switching element from the 
breakdown owing to short-circuiting accident of output 
terminals or the connection of capacitive load etc. 

Hereinafter, examples of the method of controlling a 
switching power supply according to the present invention will 
be described based on attached drawings. 

Fig. 1 is a first example of the present invention, which 
shows a case where the invention is applied to one - transistor 
fly-back type switching power supply. In the figure, to one 
end of the primary winding 1A of an output transformer 1, a 
transistor 2 as a switching element is serially connected, the 
other end of the primary winding 1A being connected to the 
positive power supply terminal P of a DC power supply, and, 
the emitter of the transistor 2 is connected to the negative 
power supply terminal N through a resistor 3 which is used for 
current detection, respectively, the negative power supply 
terminal N being further grounded. To the secondary winding 
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IB of the transformer 1, a rectifier circuit composed of a diode 

4 and a capacitor 5 is connected, the DC output thereof being 
supplied to the output terminals A and B . Between the capacitor 

5 and the secondary winding IB, a resistor 6 for detecting 
current is further inserted. Besides, to the side of base of 
the transistor 2, an input transformer 7 is provided. 

Next, a control circuit 10 is provided with a drive 
circuit 11 for outputting a drive signal to the transistor 2 
through the input transformer 7; a first comparator 12 for 
receiving the voltage e 2 generated in the resistor 3 to the 
non- inverting input terminal; a second comparator 13 for 
receiving the voltage e 2 generated in the resistor 6 to the 
inverting input terminal; an AND gate 14; and a flip-flop 15 
for controlling on-and-off operation of the drive circuit 11. 
Here, to the respective other input terminals of the first and 
second comparators 12 and 13, corresponding reference voltages 
V refl and V ref2 are applied, and the output of the first comparator 
12 is supplied to a reset input R of the flip-flop 15, while 
the output of the second comparator 13 is supplied to one input 
terminal of the AND gate 14, respectively. To the other input 
terminal of the AND gate 14, the inverted output Q of the 
.flip-flop 15 is applied through a delay circuit, composed of 
a resistor 16 and a capacitor 17, for preventing a malfunction 
due to the delay of the circuit, while the output of the AND 
gate 14 is applied to the setting input S of the flip-flop 15. 
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The non - inverted output Q of the flip-flop 15 is applied to 
the drive circuit 11, and the drive circuit 11 applies a drive 
signal to the transistor 2 to turn it on during the period the 
output Q being "1" (high-level). 

With such a configuration, since, at its initial state 
as on the start of feeding power, the primary current I x and 
the secondary current I 2 of the transformer 1 are zero, the 
output of the first comparator 12 becomes "0" (low-level), 
while the output of the second comparator 13 becomes "1". Thus, 
the flip-flop 15 is set, even if it has been reset, and the 
transistor 2 is activated by the drive circuit 11 to start. 
During the period the transistor 2 is kept on, the primary 
current i! is given by: 

I I = (E/LJ t ♦ I, (1) 

(wherein, E: Power supply voltage; hi: Primary 
inductance of the transformer 1; I 0 : Equivalent primary current 
of residual energy of the transformer 1; and t: Time since the 
transistor 2 was turned on.) 

As seen in Fig. 2(A), the primary current Ii increases 
with the lapse of time at an incline of (E/Lx). This primary 
current Ii is detected by the resistor 3 as a voltage e lf and 
compared with the reference voltage V re{1 by the first 
comparator 12. Then, when it comes to the point where ei > V re n, 
the output of the first comparator becomes M l", and the 
flip-flop 15 is reset. As a result, the non-inverted output 



5 



Q of the flip-flop 15 becomes "0" and the transistor 2 is turned 
off. When the transistor 2 is turned off, the magnetic energy, 
which has been stored in the transformer 1 during period the 

i 

transistor 2 was on, is emitted as the secondary current I 2 
from the secondary winding IB to the side of load through the 
diode 4. Here, the secondary current I 2 is given by: 

I 2 = I'o -(E 0 ut/L 2 ) t 1 (2) 

(wherein, E 0 dt- Maximum value of the secondary output 
voltage; L 2 : Secondary inductance of the transformer 1; I' 0 : 
Equivalent secondary current of residual energy of the 
transformer 1; and t': Time since the transistor 2 was turned 
off. ) 

As shown in this equation, the secondary current I 2 
reduces with the lapse of time, as the magnetic energy is 
emitted, resulting a waveform as shown in Fig. 2(B). This 
secondary current I 2 is detected by the resistor 6 as a voltage 
e 2 , and compared with the reference voltage V ref2 by the second 
comparator 13. Then, at the point when e 2 < V ref2 is satisfied, 
the output of the second comparator 13 becomes "1". Since the 
inverted output Q of the flip-flop 15 is "1", the output of 
the AND gate 14 becomes also "1", and the flip-flop 15 is set 
again to cause the transistor 2 to be turned on. Subsequently, 
the switching operation, in which the transistor 2 is turned 
off when the primary current I I increases to a set value and 
the transistor 2 is turned on when the secondary current I 2 
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reduces to come under a predetermined value, is repeated. 

According to the first example described above, since 
on-off timing of the transistor 2 is controlled by detecting 
not only the primary current Ii but also the second current 
I 2 of the transformer 1, the increase of collector current of 
the transistor 2 can be prevented with a simple configuration. 
Such increases of collector current would be caused by the large 
magnetic deflection of the transformer 1, the reduction of 
inductance resulting from it, the response delay of the on-off 
motions of the transistor 2, or the like, in the cases when 
the power supply uses a fixed frequency for switching motion, 
or when the output terminals A and B are short-circuited, or 
when overloaded, or when E ou t = 0 at the start, or when large 
capacitive load is applied. Namely, since the secondary current 
I 2 reduces at an incline of E out /L 2 , reduction of the secondary 
current I 2 within a certain period is small when the output 
voltage E ou t is low. Therefore, if there were not the above 
control, since the collector current (= IJ of the transistor 
2 would become larger in its initial value at the start, it 
would be unavoidable that the collector current increases under 
the influence of the storage time etc. of the transistor 2, 
even if the collector current value of the transistor 2 is 
detected for turning the transistor 2 off in case of over- 
current. Furthermore, since reduction of inductance of the 
transformer 1 due to DC magnetic deflection and increase of 
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collector current will encourage each other, the transformer 
1 would reach the magnetic saturation in time, which causes 
over-current in the transistor 2 and leads to its breakdown. 
When the present example is applied, however, since the 
transistor 2 is kept off until the secondary current I 2 of the 
transformer 1 reduces to a set value, the phenomena as mentioned 
before can be avoided with certainty. 

Besides, although, in the case of switching power supply 
using a blocking oscillator of self-excited oscillation, the 
operation mode similar to the above example would be used, it 
is inferior to the example in controllability. Namely, the 
present example has an advantage that, instead of two-input 
AND gate 14, a three-input AND gate can be used to enable the 
on-off control by applying "1" or "0" to one of those inputs. 
Moreover, the output control is possible by varying the set 
value for current detection of the primary current I x or the 
second current I 2 of the transformer 1. Furthermore, various 
modification of the circuit means for detecting the currents 
Ii and I 2 is possible, for example, a current transformer can 
be used to insulate easily the primary circuit from the 
secondary circuit, or insulate the control circuit from both 
the first and second circuits. 

Fig. 3 shows the second example according to the present 
invention, in which the output stabilization can be carried 
out by detecting the first and second currents of an output 
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transformer through respective current transformers and 
further detecting the output voltage. In -the figure, to one 
end of the primary winding 1A of the output transformer 1, a 
switching transistor 2 is serially connected, and, between the 
other end of the primary winding 1A and the emitter of the 
transistor 2, a DC voltage is applied, which has been obtained 
from an AC input supplied to AC input terminals C and D by 
rectifying the AC input by a rectifier 20 and smoothing it by 
a capacitor 21. To the secondary winding IB of the transformer 
1, a rectifier circuit composed of a diode 4, an inductor 22 
and capacitors 5A and 5B is connected, so that a DC output can 
be supplied to the output terminals A and B. To the base circuit 
of the switching transistor 2, the secondary winding 7B of an 
input transformer 7 is connected, while to the side of the 
primary winding 7A of the transformer 7, a driving transistor 
23 is provided. 

Next, a control circuit 10A is provided with a current 
transformer 30 for detecting the primary current Ii of the 
transformer 1; a current transformer 31 for detecting the 
secondary current I 2 of the transformer 1; an operational 
amplifier 32, as a difference amplifier for outputting a 
difference between the output voltage value across the output 
terminals A and B and a desired voltage value; a first 
comparator 12 for comparing the detected value of the primary 
current i! with a reference voltage V refl ; a second comparator 
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13 for comparing the detected value of the secondary current 
1 2 with a reference voltage V ref2 ; an AND gate 1 4 A ; and a f 1 ip - f lop 
15. Here, a first winding 30A of the current transformer 30 
is inserted to the collector side of the transistor 2. an 
induced voltage e ctl of a second winding 30B being applied to 
the first comparator 12, and a third winding 30C is connected 
to the output terminal of the operational amplifier 32 through 
a diode 33 and a resistor 34. To one input of the operational 
amplifier 32, a voltage divided from the output voltage by a 
resistor 50, a variable resistor 51 and a resistor 52 is applied, 
while to the other input, a voltage divided by a resistor 53 
and a vol tage- regulator diode 54 is applied through a resistor 
55. On the other hand, a first winding 31A of. the current 
transformer 31 is serially inserted to the secondary winding 
31B of the transformer 1, an induced voltage e ct2 of a second 
winding 31B being applied to the second comparator 13. To a 
first input of the AND gate 14A, an inverted output Q of the 
flip-flop 15 is applied through a delay circuit composed of 
a resistor 16 and a capacitor 17, while to a second input, the 
output of the second comparator 13 is applied. Further to a 
third input, a sync signal, which has been provided across sync 
input terminals F and. G. is applied through a capacitor 35. 
The non-inverted output Q of the flip-flop 15 is applied to 
the driving transistor 23 through a resistor 36, and the 
transistor 23 is activated during the period the output Q is 
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H 1 M (high-level), and thereby the switching transistor 2 is 
turned on. Besides, the voltage across a vol tage - regulator 
diode 38, which is connected to the output side of the rectifier 
20 through a resistor 37, is provided as the power supply for 
the control circuit 10A, and the voltage is divided by resistors 
39 , 40 and 41, 42, respectively, and supplied to the first and 
second comparators 12 and 13 as the reference voltages V refl 
and V ref2 , respectively. At the same time, the voltage is also 
provided to the third input of the AND gate 14A through a 
parallel circuit of a resistor 43 and a diode 44. 

With such a configuration, firstly, considering a case 
when a sync signal is not supplied to the input terminals F 
and G, since, the third input of the AND gate 14A is "1" by 
the effect of the resistor 43 and the primary and secondary 
currents I x and I 2 are subject to detection by the current 
transformers 30 and 31, its basic operation is similar to that 
of the above first example; i.e., the switching operation, in 
which the transistor 2 is turned off when the primary current 
Ii increases to reach a first set value and the transistor 2 
is turned on when the secondary current I 2 reduces to come under 
a second set value, is repeated. Thus, the primary current l x 
produces a waveform shown in Fig. 4(A), while the secondary 
current I 2 produces a waveform shown in Fig. 4(B), wherein 
respective set values are shown by dotted lines H and J. 

Here, since the current transformer 30 is provided with 
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a third winding 30C, the voltage e CT i induced in the second 
winding 30B varies in accordance with the equivalent load 
impedance observed by the third winding 30C. Namely, as the 
output voltage increases, the output voltage of the operational 
amplifier 32 also increases, resulting a larger equivalent load 
impedance. As a result, since the voltage e CT i increases, the 
output of the comparator 12 is changed to M 1 M at a smaller 
collector current, and it causes the flip-flop 15 to be reset 
and the transistor 2 to be turned off. Then, the time period 
the transistor 2 is on is shortened, and thereby the output 
voltage reduces. By such a negative feedback operation for 
controlling the output voltage, the output voltage can be 
maintained constant. 

In the case when a sync signal, which is provided from 
e.g. the fly-back transformer 60 of a television receiver, is 
applied to the sync input terminals F and G, the frequency for 
a natural operation at steady state, with no sync input, may 
be set slightly higher than that of the sync signal, so that, 
if the sync signal becomes "1" (high-level), while the 
flip-flop 15 is reset and the output of the second comparator 
13 is "1 H , then the output of the AND gate 14A becomes "1" and 
it causes the flip-flop 15 to be set to activate the transistor 
2 on. Therefore, the switching operation will be performed in 
synchronization with the sync signal as shown in Fig. 4(C). 
According to the second example described above, even 
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when the output terminals A and B are short-circuited or when 
large capacitive load is applied or the like, the breakdown 
of the transistor 2 due to over-current can be surely prevented 
with a simple circuitry, and further the stabilizing control 
of the output voltage becomes possible. Moreover, the natural 
operation at its start and the sync operation at steady state 
are possible, and thereby it is the most suitable in use for 
the power supply etc. of television receiver. Furthermore, 
since the primary and secondary currents I x and I 2 are detected 
using the current transformers 30 and 31, it also has an 
advantage that the primary circuitry can be insulated from the 
secondary circuitry. 

In addition, although, in the above second example, the 
current transformer 30 having three windings is used for the 
output control so that the detected value of collector current 
of the transistor 2 can be varied in accordance with the output 
voltage, the secondary current I 2 of the transformer 1 may be 
also varied in accordance with the output voltage, for the 
purpose of reducing the frequency fluctuation in natural 
operation, in the case there is a large load fluctuation or 
the like. 

Pig. 5 is a third example of the present invention, which 
shows a case where the invention is applied to one - trans i s tor 
forward - converter type switching power supply. In the figure, 
to one end of the primary winding 70A of an output transformer 
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70, a switching transistor 2 is serially connected, the other 
end of the primary winding 70A being connected to a positive 
power supply terminal P of a DC power supply, and, the emitter 
of the transistor 2 is connected to a negative power supply 
terminal N, respectively. To the secondary winding 70B of the 
transformer 70, a diode 71, an inductor 72 and a capacitor 73 
are connected, and a diode 74 is further provided as a current 
passage when the energy of the inductor 72 is emitted. Thus, 
the DC output is supplied to the output terminals A and B. 

Next, a control circuit 10B is provided with a current 
transformer 80 for detecting the current I 3 of the inductor 
72 when the transistor 2 is on, i.e. the current of the diode 
71; a current transformer 81 for detecting the current I 4 of 
the inductor 72 when the transistor 2 is off, i.e. the current 
of the diode 74; a first comparator 12 for comparing the 
detected value of the current I 3 with a reference voltage V ref3 ; 
a second comparator 13 for comparing the detected value of the 
secondary current 1 4 with a reference voltage V rcf4 ; an AND gate 
14A; a flip-flop 15; and a drive circuit 11 that is controlled 
by the flip-flop 15. Further, a serial circuit composed of a 
voltage-regulator diode 82 and a resistor 83, and a difference 
amplifier composed of a transistor 84 , the base thereof 
receiving the voltage of the interconnection of the serial 
circuit, and a resistor 85 on the collector side, are connected 
across the output terminals A and B. Besides, the primary 
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winding 80A of the current transformer 80 is serially inserted 
to the secondary winding 70B of the transformer 70, the voltage 
e CT 3 induced in the secondary winding 80B being applied to the 
first comparator 12, and the third winding 80C is coupled with 
a resistor 85 through a diode 86. The primary winding 81A of 
the current transformer 81 is serially inserted to the diode 
74, the voltage e CT 4 induced in the secondary winding 81B being 
applied to the second comparator 13, and the third winding 81C 
is coupled with the resistor 85 through a diode 87. Moreover, 
a DC voltage +V is supplied as the power source for the control 
circuit 10B, and the sync signal is supplied to a terminal K 
for applying it to the AND gate 14A. 

In the configuration described above, since at the 
initial state both the current I 3 of the diode 71 and the current 
I 4 of the diode 74 are zero, similarly to the case of Fig. 1, 
the flip-flop 15 becomes set and the transistor 2 is driven 
to start by the drive circuit 11. As a result, during the period 
the transistor 2 is on, the input power is supplied to the load 
connected to the output terminals A and B through the 
transformer 70, the diode 71 and the inductor 72. Here, at the 
point when the current I 3 in substantially proportion to the 
collector current of the transistor 2 increases and reaches 
a predetermined value, where e C T3 > V ref3 is satisfied, the 
flip-flop 15 is reset and the transistor 2 is turned off. During 
this off period, the energy stored in the inductor 72 is emitted 
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to the load through the passage including the diode 74. Then, 
at the point where e CT4 < v ref< is satisfied, the flip-flop 15 
is set and the transistor 2 is turned on. 

In this manner the switching operation of the transistor 
2 is performed, and, if need be, a sync signal K may be applied 
to synchronize similarly to the case of the second example. 
Furthermore, since the difference amplifier including the 
resistor 85 and the transistor 84 is provided as a load to the 
respective third windings 80C and 81C of the current 
transformers 80 and 81, the stabilization control of output 

voltage becomes possible as well. 

in addition, in the above third example, instead of 

detecting the current I 3 of the inductor 72 when the transistor 

2 is on, the collector current of the transistor 2 may be 

measured . 

Fig. 6 is a fourth example of the present invention, which 
shows a case where the invention is applied to push-pull type 
switching power supply. i„ the figure, to the primary winding 
90A of an output transformer 90, switching transistors 91 and 
92 are connected in a push-pull arrangement, the base circuits 
of these transistors 91 and 92 being provided with input 
transformers 93 and 94, respectively. Here, the center tap of 
the primary winding 90A is coupled with a positive power supply 
terminal P, while the emitters of the transistors 91 and 92 
and respective one ends of the secondary windings of the input 
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transformers 93 and 94 are coupled with a negative power supply 
terminal N, respectively. To the secondary winding 90B of the 
output transformer 90, a full-wave rectifier circuit composed 
of diodes 95 and 96, an inductor 97 and a capacitor 98 is 
provided, and the DC output is supplied to the output terminals 
A and B. 

Next, a control circuit 10C is provided with a current 
transformer 100 for detecting the emitter current from the 
transistors 91 and 92; a current transformer 101 for detecting 
the AC component of the total current of the inductor 97; and 
other devices similar to the control circuit 10 as in the first 
example. The drive circuit 11A, however, includes a well-known 
T-flip-flop and a logic circuitry such as gate circuit, and 
is configured to apply the signals for push-pull drive to the 
transistors 91 and 92 through the respective input transformers 
93 and 94. The operation in the fourth example is similar to 
that in the case of the first example described above, except 
that the switching transistors 91 and 92 are alternately turned 
on, and.it produces the similar effect . 

In addition, although, in the above fourth example, the 
AC component of the total current of the inductor 97 is detected 
by the current transformer 101 and it is directly used as the 
detected signal of the inductor current when the transistors 
91 and 92 are off, the DC- restoration of the output of the 
current transformer 101, by the synchronization clamping etc. 
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based on the output of the current transformer 100, may be also 
used. Moreover, the output voltage control, the external signal 
synchronization, etc. can be carried out by the same procedure 
as shown in the second and third examples described above. 

Furthermore, although, in each of those examples 
described, resistors or current transformers are used as 
current detector circuits and the waveforms of detected signals 
are directly used, it is clear that various modifications are 
possible for improving the timing of operation by e.g. some 
waveform correction or shaping. 

As described heretofore, according to the present 
invention, it is possible to provide a method of controlling 
a switching power supply, by which the breakdown of switching 
element, due to short-circuiting accident of output terminals 
or the connection of capacitive load etc., can be prevented 
with certainty. 

4. Brief description of the drawings 

Fig. 1 is a circuit diagram showing a first example of 
a control method of switching power supply according to the 
present invention; Fig. 2 is a waveform diagram explaining an 
operation thereof; Fig. 3 is a circuit diagram showing a second 
example; Fig. 4 is a waveform diagram explaining an operation 
thereof; Fig. 5 is a circuit diagram showing a third example; 
and Fig. 6 a circuit diagram showing a fourth example. 
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1, 7 0, 90. ..Output transformer; 2, 2 3, 84, 91 , 
92. . .Transistor; 3 , 6 , 1 6 , 36 , 37, 3 9 - 4 3 , 50 , 52, 53 , 55 , 83 , 
85 ... Resistor ; 4, 3 3, 44, 71, 74, 86, 87 . . . Diode ; 5 , 5A, 5B, 
17, 21, 35, 73, 98... Capacitor; 7 , 9 3 , 94 . . . Input transformer; 
10, 1 OA- 10C ... Control circuit ; 11 ... Drive circui t ; 12. ..First 
comparator; 13... Second comparator; 14, 14A ... AND gate ; 
15 ... Flip- flop; 22, 7 2 . . .. Indue t or ; 3 0 , 3 1, 8 0, 8 1, 1 00, 
1 01 ... Current transformer; and 32 ... Opera tional amplifier. 



19 



Written Amendment (Voluntary) 



Date of Amendment: July 1, 1978 

Subject of Amendment: Claims 

Amendment 
Please amend the claims as follows: 

(1) A method of controlling a switching power supply, which 
comprises an inductor and a switching element for interrupting 
a current of the inductor: 

wherein a current of an energy emission circuit of the 
inductor is detected, and 

wherein the switching element is turned on when the 
current of the emission circuit is under a state where it is 
smaller than a first set value, and the switching element is 
turned off when the current of the emission circuit reaches 
a second set value. 

(2) The method of controlling a switching power supply as 
claimed in Claim 1, wherein the first set value is varied as 
an output voltage of the switching power supply increases. 

(3) The method of controlling a switching power supply as 
claimed in Claim 1 or Claim 2, wherein the second set value 
is varied as an output voltage of the switching power supply 
increases . 

(4) The method of controlling a switching power supply as 
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claimed in Claim 1, Claim 2 or Claim 3, wherein the switching 
element is turned on based on a combined signal of a detection 
signal obtained by detecting that the current of the energy 
emission circuit is smaller than th e first set value and a sync 
signal . 
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